Applying A2 -B2 = (A + B)(A -B) to (2) and (3), the output current difference ( 1~1 -IJ may be written as
Because
we may, for constant V2, conclude that the output current (Idl -1d2) is linearly dependent on P'g,l or V,,, (only one of the two parameters can be chosen independently). Extension of the circuit in Fig. 1 vg,2 = vgJ3 = Vin.
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III. THE MULTIPLIER Equation (7) may be rewritten as
The last term of (9) (11)
The offset term for the V2 input has disappeared too. 
The first term is the well-known and wanted quadratic term. The last term is a third-order term which will cause first and third harmonics of the input gate voltage in the drain output current. The second term is quadratic in (Vg, -~) but also depends cm Vd~.
The effect of channel-length modulation can be reduced by using long-channel MOS transistors, Before going into the effect of channel-length modulation on the performance of the multiplier we will consider the mobility 
This means that the most important distortion terms in (19), i.e., C2. V~~. V2d and C3oV~~. Vl~, are proportional to 92, which indicates the order of magnitude of the distortion.
V.
THE MULTIPLIER WITH FLOATING INPUTS
A disadvantage of the circuit of Fig. 4 is that the common-mode voltage of the inputs are simultaneously bias voltages. A way to circumvent this problem is introduced in this section. Fig. 5 shows again the sqbcircuit of three transistors as shown in Fig. 2 , but with one modification: the sources of Ml and M3 are disconnected. .This does not infh.ience the function of the circuit: (2)-(9) still hold for this version. The result, however, is independent control over the common-mode levels of both inputs. The next step is to quadruple this circuit in the same way as in the circuit of Fig. 4 and to connect the common sources to [8], [9] . As this process has isolated n-wells, both circuits have been realized with p-channel transistors because the body effect may be reduced by connecting the well substrates to the sources of the p-channel MOST'S. N-channel transistors have only been used as current mirrors to obtain a single-ended output current.
The circuit of With a 3-V dc voltage applied to the VI input, the multiplier was used as a linear control circuit. Fig. 11 shows the spectrum of the output signal with a l-kHz sine wave of magnitude 1.7 VP_P at the input. The output current was 0.6 mA~_~m a 100-0 load resistor. The second and third harmonics are both 60 dB below the fundamental.
The total harmonic distortion was measured as a function of the current efficiency 10Ut,P_P/l,uPPIY by varying the magnitude of a l-kHz sine wave applied to the Vz input. Fig. 12 shows the result. The bandwidth of this circuit measured with a load resistor of 100 Q and a load capacitor of 50 pF is from dc to above 1 MHz.
The circuit of 
VII. DISCUSSION
The experimental results show an excellent performance for both versions of the multiplier.
However, the total harmonic distortion of the first version is essentially lower than the total harmonic distortion of the second version 
